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EpitaxyThis paper reports a medium energy ion scattering study of the room temperature deposition of Fe on the ﬁve-
fold surface of i-Al70Pd21Mn9. At low coverage (~1 ML) growth results in a disordered alloy ﬁlm with signiﬁcant
Al content. At higher coverage (~11ML) again an alloy ﬁlm is formed, but this timewith an average composition
that slowly varies through the ﬁlm but is close to stoichiometric Fe3Al. This composition is consistent with
magnetic orderingwhich has been observed in previous experiments on this system. Structural analysis indicates
ﬁve domains of bcc-like structure in the ﬁlm, which is oriented with (110) type planes parallel to the ﬁve-fold
quasicrystal surface. There is a distinct structural transition within the ﬁlm between a compressed layer near
the surface and a slightly expanded layer directly above the quasicrystalline substrate. The sub-surface layer
has considerable disorder and the change in layer spacing is attributed to this order/disorder transition within
the ﬁlm. Annealing to 300 °C for 10min induces a small amount of further up-diffusion of Al into the ﬁlm and
also some segregation of Al to the surface, although structurally the ﬁlm remains essentially unchanged, with
the order/disorder transition occurring at a similar depth.
Crown Copyright © 2013 Published by Elsevier B.V.Open access under CC BY license. 1. Introduction
Quasicrystals are intermetallic materials that are not periodic, but
still exhibit sharp diffraction patterns [1]. The lack of periodicity allows
quasicrystals to adopt classically forbidden orders of symmetry, such as
icosahedral and decagonal. Themost studied quasicrystals are in the Al-
based family, which generally consists of around 70% Al, with twomore
transition metal elements making up the balance. Although these
materials are made up of entirely metallic atoms, they are not metals;
indeed they share more characteristics with semiconductors, being
hard, brittle and with the existence of a so-called ‘pseudogap’ at the
Fermi edge which results in increased resistance with decreasing
temperature. Part of their appeal is how a material so near to bulk Al
in composition can be so vastly different in properties. They have thus
been the focus of intense study to disentangle the complex chemistry
of a multi-element material from the unusual geometry of an aperiodic
material. One approach to try to achieve this has been to use
quasicrystal surfaces as templates to growmonoatomic pseudomorphic
adlayers (i.e. the adlayer adopts the quasicrystalline structure of the44 1925 603192.
.
er B.V.Open access under CC BY licensetemplate), which are then studied in lieu of the chemically complex
substrate.
The possibilities for epitaxial growth fall into several categories
ranked according to their degree of pseudomorphism. At one end of
the scale are fully quasicrystalline layers, such as Sb, Bi and Pb on Al–
Ni–Co and Al–Pd–Mn, which exist only to a monolayer [2–4]. At the
other end of the scale is rotational epitaxy, which includes any
crystalline system in which the main feature is an equal distribution
of crystalline domains oriented along the ﬁve primary axes in the
quasicrystal surface. In-between these extremes is one particularly
interesting case, Cu/Al–Pd–Mn, in which the crystalline domains are
forced out of the plane of the surface. This results in a pattern of step
edges in a commensurate relationship with the quasicrystal (at the
interface with the substrate), with a Fibonacci sequence of short and
long spacings between features at the surface. The degree of ordering
in this ﬁlm is very high [5,6].
There has been considerable speculation about the possible behaviour
ofmagneticmaterials in a quasiperiodic lattice [7–9].Modellingwork has
demonstrated that a decagonal network of bar magnets should exist in a
perpetually frustrated arrangement [10] and surface magnetic layers,
should they be able to be grown, could be used to test this hypothesis.
Although Al-based quasicrystals often contain ferromagnetic species,
(e.g. Al–Ni–Co, Al–Cu–Fe andAl–Pd–Mn), the low concentration, coupled
with the variable distances betweenmagnetic species in these materials,
leads to effective screening and only very weak paramagnetic behaviour.. 
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quasicrystals is therefore very intriguing. The combination of low
dimensional physics and the inﬂuence of a quasiperiodic substrate
could lead to new insights that will prove useful for future magnetism-
based technologies. To this end, Ni, Fe and Co have been investigated
with studies of epitaxial growth on quasicrystals [11–14]. Co adopts
broadly the same structure as Cu when adsorbed on Al–Ni–Co and Al–
Pd–Mn, thoughwith amuchgreater degree of disorder [11]. Ni undergoes
intermixing followed by alloy growth [14].
When iron is deposited on the surfaces of other metals, it tends to
intermix due to its high surface energy. For adsorption on the three
primary faces of Al, surface alloying occurs for coverages up to around
5 ML, after which bcc Fe islands grow [15–17]. In bulk FeAl alloys
there is a transition between Fe atoms in a low spin state or a high
spin state which occurs when the proportion of Fe in the alloy falls
below 75%. This switch in magnetic behaviour is intimately linked
with the crystal structure of the alloy and in particular the lattice
parameter, which drops dramatically [18]. However, similar effects in
thin alloy ﬁlms have not been reported for the growth of Fe on Al
substrates, probably because these ﬁlms were sufﬁciently Fe rich to
exclude the presence of atoms in the low spin state [15–17].
The deposition of Fe onto i-Al70Pd21Mn9 has been the subject of two
previous studies. A combination of Auger electron spectroscopy (AES),
low energy electron diffraction (LEED) and secondary-electron imaging
(SEI) indicates that Fe–Al alloy formation occurs at the surface due to
inter-diffusion. At low coverage a disordered ﬁlm is formed but at higher
coverages (4–8ML) a ﬁve-domain bcc(110) like structure is seen. Above
this coverage the domains were seen to be tilted with respect to the
substrate by 0.5°. In addition, magneto-optical Kerr effect (MOKE)
measurements show magnetic ordering in the grown ﬁlm conﬁrming
that the proportion of Al in the ﬁlmwas less than 25%where a transition
to a non-magnetic state is expected [12]. However, a more recent study
using LEED, AES and scanning tunnelling microscopy (STM) indicated
layer-by-layer Fe growth and ruled out alloy formation. As with the
previous study the ﬁlm was initially disordered but formed a bcc-like
structure above 3 ML coverage [13]. Medium energy ion scattering
(MEIS) is an ideal technique for further investigation of this system
because of its unique ability to provide information simultaneously on
the composition and structure as a function of depth.2. Experimental details
The sample was produced at Ames laboratory using the Bridgman
method and was cut using spark-erosion perpendicular to a ﬁve-fold
axis. It was then mechanically polished using 6, 1 and 0.25μm diamond
paste. Atomically ﬂat surfaces with large ﬂat terraces were obtained
through cycles of 3keV Ar+sputtering for 45min at room temperature
followed by annealing for 4 h at a temperature of 905K, for a total of
20 h, at a base pressure of 1.5×10−10mbar. The annealing temperature
wasmonitored using an infrared pyrometer. Research grade high purity
Fe (Goodfellow, England) was deposited from a rod source using an
Omicron EFM-3 electron beam evaporator with the sample at room
temperature. The deposition rate had been previously calibrated [13].
The experiment was conducted at the MEIS facility at Daresbury
Laboratory [19], which can accelerate helium or hydrogen ions from
50 keV to 250 keV. For this experiment a 100 keV He+ ion beam was
used. The angle and energy of the scattered ions are determined using
a toroidal electrostatic energy analyzer with position-sensitive detector.
This allows the simultaneous collection of ions from a 27° range of
scattering angles and with a range of energies equal to 1.8% of the
pass energy. The raw data are thus in the form of a two-dimensional
array of intensity as a function of energy and angle. The variation of
backscattered ion intensity over the angular and energy range is
shown by a false colour map using the visible spectrum from violet to
red to indicate increasing intensity. Examples of these 2D spectra areshown in Fig. 1. Further detailed description of the MEIS technique
can be found in references [20] and [21].
The 2D data can be sectioned to produce a 1D angle spectrum
(blocking pattern) or a 1D energy spectrum. The energy spectra are
used to elucidate compositional depth proﬁles. The 2D data can also be
processed to “gate” a range of energies that vary with angle, so that the
signal from a speciﬁc element and/or layer can be isolated from other
elements or layers. The blocking dips seen in these spectra can be
attributed to known crystallographic orientations within the samples.
The ratio of the intensity in blocking and non-blocking geometries
(amplitude of the blocking dip) can be used as a relative measure of
the degree of crystallinity in each layer [22].
The experimental station comprises three different chambers, for
preparation, storage and analysis of samples, which are kept at ultra-
high vacuum and a fast entry load-lock for the sample introduction.
MEIS spectra were taken of the i-Al70Pd21Mn9 clean surface, after
deposition of a thin coverage of Fe, and after a thick coverage of Fe, and
then after annealing the thick coverage to 300 °C for 10 min. Fig. 2
shows the scattering geometry used in these experiments. The 2D data
was processed using MIDAS data acquisition and processing software.
1D energy spectra from these scans were then ﬁtted using SIMNRA, to
enable compositional depth proﬁling. The thicknesses of these ﬁlms
were calculated, using the 1D energy spectra, to be 1.1 monolayers
(ML) (thin) and 11.3 ML (thick). The Fe spectra were extracted from
the data using a custom ﬁtting routine, and the blocking dips from
these spectra were then compared to a simulation from the expected
structure, made using the VEGAS code [23].
3. Results and analysis
Fig. 1 shows 2D spectra for the i-Al70Pd21Mn9 substrate before
deposition and with both a thin (~1 ML) and thick (~11 ML) ﬁlm of Fe
deposited on it. For the clean sample (Fig. 1a) there are stripes of
intensity running diagonally across the data set representing Pd, Mn
and Al at progressively lower energies. The intensity of each of these
stripes is a reﬂection both of the cross-section of the given element
and the concentration present in the surface region. In Fig. 1b the
middle stripe, which for the clean surface data was relatively weak,
has grown in intensity. This is because this stripe now includes extra
intensity from the deposited Fe, which being next to Mn in the periodic
table, has virtually identical energy loss as a function of angle. In Fig. 1c
the intensity in this region has grown considerably since there is now a
relatively thick Fe containing layer on the surface. The Pd intensity at
higher energy is shifted down due to the ion energy loss through the
Fe containing layer that now sits on top of the Pd in the quasicrystalline
substrate. The high energy edge of both the Pd and Al signal are less
distinct in this data set, partly as a result of energy loss straggling
through the layer, but also possibly as a result of some variation in the
thickness of the layer on the macroscopic scale of the beam footprint.
Fig. 1d shows data for the thick sample after a short anneal (300 °C, 10
min), which is essentially very similar to the data set before annealing.
One minor difference is the appearance of a small but distinct surface
peak in the Al data that probably arises due to a minor amount of
segregation of Al. In previous similar experiments this kind of segregation
has often been associated with some surface oxidation from residual
gasses in the vacuum system [22].
All four data sets show a vertical line of reduced intensity running
through them. This blocking dip at 90° scattering is a reﬂection of the
icosahedral structure of the substrate and deﬁnes the angle between
the two-fold axis at 31.8° alongwhich the beam is incident and a second
two-fold axis at 58.2° which gives rise to the dip. In order to look at the
structure of the thick Fe ﬁlm a close up image of the relevant part of
the data set is shown in Fig. 3. In this image the 90° blocking dip from
the substrate can still be seen in the Pd subsurface signal. However, in
the Pd signal closer to the surface and at the low energy end of the Fe
signal corresponding to the bottom of the layer another dip at 86° is
Fig. 1. 2DMEIS data plots takenwith 31.8° incidence angle along a two-fold axis of the icosahedral structure for a) Clean i-Al70Pd21Mn9, b)With a thin ~1ML Fe rich layer, c)With a thick
~11 ML Fe rich layer, d) As c) But with a 300 °C 10min anneal.
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thickness of the Fe signal since for the higher energy signal associated
with the top of the ﬁlm it is replaced by another dip at 83°. It is apparent
that two different structural regions coexist at the top and bottom in the
ﬁlm.
In order to determine the nature of these two structures, blocking
curves for eachwere extracted using an established procedure involving
a specially written macro with a commercially available data analysis
package (IGORPro). This involved ﬁtting a linear background to account
for the Pd signal underlying the Fe data and two Gaussian peaks to
represent the two structural regions of the ﬁlm (examples of the
previous use of this ﬁtting procedure are given in refs [24] and [25]).
The areas of the two Gaussians can then be plotted to give the blocking
curves of each structure and these are shown in Fig. 4. In addition, a
similar procedure could be used to extract the blocking curve for the
Fe signal in the thin layer sample and this is shown in Fig. 5. This
curve is essentially ﬂat and hence implies that the ﬁlm is not well
ordered and probably amorphous as seen in previous experiments
[12,13].Fig. 2. A diagram showing a model of the i-Al70Pd21Mn9 quasicrystalline crystal and the
scattering geometry used to collect data. The incidence and exit angles are referenced to
the surface normal.In order to determine the precise structures of the two regions
within the thicker Fe containing ﬁlms, the data were ﬁtted using the
VEGAS simulation software. The best ﬁts achieved for each layer of the
ﬁlm are also shown in Fig. 4. Both ﬁlms could be ﬁtted using ﬁve
domains of a bcc-like structure, but with each structure either stretched
or compressed in order to ﬁt the data. In the case of the top part of the
ﬁlm the structure is compressed vertically by 5.5%, but for the lower
part of the ﬁlm it is expanded by 2%. Clearly a radical change in the
lattice parameter has occurred as a function of depth within the ﬁlm.
It is also important to note that whilst the top part of the ﬁlm can be
ﬁtted with just the compressed bcc-like structure, the bottom part
required the addition of 40% disorder to allow the dip amplitude to beFig. 3. Expanded image from Fig. 1c) showing the Fe signal and the relative positions of
blocking dips for the surface region of the Fe rich ﬁlm, the sub-surface region and the
substrate bulk blocking dip. The shifts in blocking dip position are clearly visible in the
2D data.
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Fig. 4. Blocking dips extracted from the 2D data for the thick Fe-rich ﬁlm for a) the surface
region and b) the sub-surface region. Note the shift in blocking dip angle and reduction in
amplitude for the subsurface data. The data have been ﬁtted using the VEGAS code to
determine the structure.
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and underlying bulk structure and it is quite difﬁcult to uniquely
separate these structures, it is thus possible that signiﬁcant contributions
from the surrounding layers are also present in this data. Indeed there is
some evidence that this does happen from the slight shoulders at 90°
and 83° in the 86° blocking dip. However, despite this, it remains
unlikely that these contributions can completely account for the
reduction in amplitude seen and it is therefore probable that this region
of the thick Fe-rich ﬁlm is less ordered than the layer closer to the
surface. This result would also be consistent with the ﬁnding for the
low coverage ﬁlm that at 1–2 ML the ﬁlm is essentially structureless.
To understand the origin of the structural transition, 1D energy
slices were taken from the 90° bulk blocking dip and ﬁtted using the
SIMNRA code. In these ﬁts a model with up to four layers was used
with two layers for the quasicrystalline substrate bulk and nearer
surface composition and another two layers for the Fe-rich ﬁlm. As a
starting point for the ﬁtting of the thickerﬁlm, the two layer thicknesses
in the Fe ﬁlmwere taken from the apparent thicknesses of the structural
regions as determined by the ﬁtting routine used to separate them,
although both the thickness and composition were subsequently
optimised. The ﬁnal ﬁt for the thick ﬁlm is shown in Fig. 6a) and good
agreement is seen between the data and model. For the Fe ﬁlm it is
clear that a signiﬁcant amount of Al is required throughout the ﬁlm to0
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Fig. 5. Blocking dips extracted from the 2D data for the thin Fe rich ﬁlm. There are no
discernible features in the data indicating a lack of crystallinity.be able to ﬁt the leading edge of the Al signal. In the surface region of
the ﬁlm, which is 4.4 ML thick, the ﬁtted composition is 78.7% Fe and
21.3% Al. In the sub-surface region, which is 6.9 ML thick, the
composition is 65.4% Fe, 32.0% Mn and 2.6% Pd; this Pd component,
though small, signiﬁcantly improves the ﬁt to the high energy side of
the Pd signal. The ﬁtted compositions for this and other data sets are
given in Table 1 with statistical errors on the ﬁtted values typically
between 1 and 5%. For neither layer is it feasible to estimate how
much Mn, if any, is in the grown ﬁlm because the Fe and Mn signal
are so close in terms of the angular dependence of the scattered energy
(or kinematic factor) and cross-section. It is therefore possible that
some of the signal attributed to Fe is actually Mn from the substrate,
but it is likely that the amount is small because of the relatively low
concentration of Mn initially present in the quasicrystalline substrate.
In Fig. 6b) a SIMNRA ﬁt for the lower coverage data is also shown. As
with the higher coverage data, the high energy part of the Al signal can
only be satisfactorily ﬁtted by incorporating Al into the top most layers.
The ﬁt to this data implies a Fe-rich ﬁlm with composition 32.2% Fe,
55.7% Al and 12.0% Pd. As with the previous ﬁt, it was impossible to
disambiguate the Fe and Mn in this spectrum. From the much reduced
Fe content of the ﬁlm compared with the thicker sample, it can be
deduced that this thinner ﬁlm would not be expected to exhibit
magnetic properties, a result conﬁrmed by the previous study [12]. A
diagram indicating the depth dependant composition and structure of
the thin, thick and annealed samples is shown in Fig. 7.
4. Discussion
In the study ofWeisskopf et al. [12] it was suggested that the region
of the subsurface directly below the Fe rich layer would be depleted in
Al as a result of up diffusion into the growing ﬁlm. The evidence
provided by Weisskopf et al. to make this suggestion was the reduced
Al content of the surface after the Fe rich ﬁlm had been sputtered off
by Argon ion bombardment. However, the ﬁt shown in Fig. 6a has no
such depleted region and is essentially still bulk-like in the near surface
region of the quasicrystalline substrate. The SIMNRA ﬁtting code
provides a composition of 72.1 ± 0.8% Al for this region, although as
previously stated, the statistical error on this measurement produced
by the code may be an underestimate of the true value. However, if a
decrease of approximately 10% were considered to be a signiﬁcant
level of depletion, then the results would clearly rule out a change of
this magnitude with a high level of conﬁdence. An explanation for the
apparent discrepancy can be found in previous studies of the Argon ionFig. 6. Energy spectra for a) the thick Fe-rich ﬁlm and b) the thin Fe-rich ﬁlm. The data
have been ﬁtted with the SIMNRA code to determine the depth dependent composition
of each ﬁlm. Lines are provided to mark the primary energy for elastically scattered ions
from each element present (the energy for a target atom at the surface).
Table 1
Fitted compositions determined by SIMNRA modelling of the MEIS energy spectra.
Approximate coverages in Å are calculated using the known atomic densities of Fe3Al
and i-Al70Pd21Mn9, which can then be converted to ML using the ideal layer spacing for
Fe3Al and an average spacing for i-Al70Pd21Mn9.
Layer Al
(%)
Pd
(%)
Mn
(%)
Fe
(%)
Thickness (1015
atom cm−2)
Approximate
thickness (Å)
Approximate
thickness (ML)
a) Clean surface
1 77.2 17.1 5.7 – 4.7 6.9 9.6
2 88.2 6.4 5.4 – – – –
b) Thin Fe-rich ﬁlm
1 55.7 12.0 – 32.3 5.7 2.2 1.1
2 78.2 11.7 10.1 – 3.0 4.2 5.5
3 82.1 5.1 12.8 – – – –
c) Thick Fe-rich ﬁlm
1 21.3 – – 78.7 7.5 8.8 4.4
2 32.0 2.6 – 65.4 11.8 14.0 6.9
3 76.5 16.9 6.6 – 4.6 6.8 9.4
4 72.1 7.7 20.1 – – – –
d) Thick Fe-rich ﬁlm +300 °C 10min anneal
1 100.0 – – – 0.5 0.6 0.3
2 13.8 – – 86.2 5.7 6.7 3.3
3 34.5 2.0 – 63.5 10.8 12.8 6.3
4 80.1 13.5 5.9 – 8.9 13.1 18.2
5 77.4 7.0 28.6 – – – –
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the Al in the near surface region was seen for relatively modest
bombardment conditions [26,27]. It is therefore likely that the depleted
region seen byWeisskopf et al. was an artefact of the sputtering process
used to remove the Fe-rich ﬁlm.
Interestingly, it is also useful to compare the sputtered surface seen
in previous experiments on i-Al70Pd21Mn9 surfaces with the Fe-rich
layers formed in this work. For the sputtered surface, a crystalline
stoichiometric AlPd ﬁlm with 5 domain (110) orientation with respect
to the ﬁve-fold icosahedral surface was seen [26,27]. Structurally, this
ﬁlm was identical to the Fe-rich layer seen here, except that in that
case there was no apparent strain between the substrate and overlayer.
Since the lattice parameter for bcc AlPd is 3.03 Å, then by comparison,
the lattice parameters of the two Fe-rich layers can be estimated if it is
assumed that the compression and expansion of the lattice in each
case are the result of conservation of the density of the ﬁlm. The
estimated lattice parameters are 2.98 ± 0.09 Å and 3.05 ± 0.09 Å for
the surface and subsurface data respectively, which in the case of the
surface layer compares favourably with the known lattice parameters
for pure Fe (2.86Å) and Fe3Al (2.89Å).1
It is interesting to note that the composition in the surface and sub-
surface Fe-rich layers is quite similar, despite the apparently large
change in lattice parameter seen. In fact, since the signiﬁcant Al level
seen in this ﬁlm comes from up-diffusion out of the bulk of the
i-Al70Pd21Mn9 substrate it is probable that the Al composition
through the ﬁlm does not change abruptly but has continuously
varying composition up to the surface. The composition range
over which the ﬁlm varies is between approximately 65 and 80% Fe,
which represents the range where there is a transition for Fe from the
high spin state (magnetic moment 2.2 μB) to the low spin state
(magnetic moment 0.7 μB). This magnetic to non-magnetic transition
has been seen to be associated with a dramatic drop in the lattice
parameter as measured in previous X-ray diffraction experiments
[18]. However, in this experiment the lower composition region
actually exhibits a higher lattice parameter and so cannot be explained1 Strictly, Fe3Al is only bcc for a random distribution of Al atoms on the lattice sites. For
an ordered alloy, where the Al atoms are periodically spaced, it is fccwith twice the lattice
parameter.by a change in the spin state of the Fe atoms. A possible explanation
may come from early studies of cold-worked FeAl alloys, which
showed a clear dependence of the lattice parameter on the degree
of order in the samples [18,28]. In the case of the ﬁlms grown here,
the VEGAS simulation ﬁts indicate far less order in the subsurface
part of the ﬁlm and so it is probable that the change in lattice
parameter with depth seen is a reﬂection of this order/disorder
transition within the ﬁlm.
Analysis of the annealed data showed essentially very similar results
to the unannealed ﬁlm. Compositional ﬁts conﬁrmed the small amount
of Al segregation at the surface, which was accompanied by a slight
decrease in the Al content of the surface region of the Fe rich ﬁlm.
There was also a slight increase in the Al content of the subsurface
presumably as a result of further up-diffusion andhence the composition
gradient though the ﬁlm was slightly steeper than for the unannealed
ﬁlm. However, the ﬁlm still exhibited the same order/disorder transition
with corresponding lattice parameter changes at virtually the same
depth. It was apparent that the 300 °C anneal did not signiﬁcantly alter
the ﬁlm structure.
Comparing the results found in this experiment with the two earlier
studies, it is clear that the ﬁnding of disordered growth for thin ﬁlms in
the 1–2 ML coverage regime is conﬁrmed. However, the MEIS data
demonstrates the existence of an alloy ﬁlm, agreeing with the previous
LEED/SEI/MOKE study that intermixing occurs [12] and contradicting
the assertion in the subsequent LEED/AES/STM work of pure Fe ﬁlm
growth [13]. Both these previous studies used AES to determine the
composition, although in the case of the former study only a qualitative
analysis was carried out by comparisonwith results from the deposition
of Fe on polycrystalline Cu and Al(100). For the latter study, the
analysis was quantitative, but the large error bars found mean that
the composition seen in this current work would not be excluded,
even though that paper interpreted the data as indicating pure Fe
growth. For higher coverages, an ordered ﬁlm is formed, with ﬁve
domains of bcc (110) structure again consistent across all three
experiments. These thicker ﬁlms are also alloys, with composition close
to Fe3Al, once more in agreement with the initial study of this system.
Interestingly, in this work evidence was found for a structural
transition within the alloy ﬁlm between a deeper disordered region
and a more ordered region closer to the surface, with a signiﬁcant
change in bcc lattice parameter between the two; this effect has
not been previously reported. The reason that such an effect can be
seen in this study is the use of the MEIS technique, which is virtually
unique in its ability to provide depth dependent structural (and
compositional) information with monolayer resolution. MEIS also
shows that there is no Al depletion in the quasicrystalline substrate
directly beneath the alloy ﬁlm and is likely that the effect observed
by Weisskopf et al. was an artefact of the sputtering process used
to remove the alloy ﬁlm. Annealing these ﬁlms showed that they
are stable up to 300 °C with very little change in compositional or
structural properties.5. Conclusions
The deposition of a thin (~1ML) ﬁlm of Fe on i-Al70Pd21Mn9 leads to
the formation of a disordered alloy ﬁlm that contains a signiﬁcant
amount of Al. For the growth of a thicker ﬁlm (~11 ML) the continued
diffusion of Al into the growing layer is seen to give rise to a ﬁlm with
close to Fe3Al composition and bcc-like structure. There is a signiﬁcant
change in the lattice parameter between the top and subsurface regions
of the ﬁlm that can be attributed to a difference in the degree of order in
each part, with the lower layers exhibiting considerable disorder, whilst
the top layers are essentially perfectly crystalline. Annealing this thicker
ﬁlm leads to some minor further diffusion of Al into the ﬁlm and some
slight segregation of Al to the surface, but otherwise the structure and
composition remains essentially unchanged.
Fig. 7. A schematic diagram of the depth dependent composition and structure of a) the thin ﬁlm of Fe deposited on an i-Al70Pd21Mn9 substrate, b) the thick Fe ﬁlm and c) the thick ﬁlm
after a 300 °C anneal.
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